Reassociation rate studies of dissociated DNAs from diploid, tetraploid and hexaploid wheat species revealed that all the Bpecies have a large proportion of their DNA which shows characteristics of repeated DNA, under the conditions used in the reassociation experiments (fragment size about 450 nucleotide pairs, incubation at 600 C. in 012 M phosphate buffer, C0t = 100).
INTRODUCTION
REAss0cIATI0N studies of dissociated DNAs from a number of eukaryotic organisms have shown that a fraction of DNA reassociates very rapidly (Britten and Kohne, 1969; Kohne, 1970; . It has been established from the work of the Carnegie group (Carnegie Institution Year Books: 1964 ) that reassociation of DNA essentially follows a bimolecular reaction, and the rate of reassociation provides a measure of the concentration of complementary sequences. Thus, the fast reassociating fraction represents those nucleotide sequences which are present in multiple copies which may not necessarily be exact, while the slow reassociating fraction comprises the nucleotide sequences which are not multiplied or multiplied to a low degree. The former has been referred to as repeated (or redundant, reiterated, repetitious) DNA and the latter as non-repeated (or non-repetitious, unique) DNA. However, repeated and non-repeated are operational definitions, always to be considered in terms of the criteria used for reassociation, especially size of DNA fragments, incubation temperature and salt concentration (Kohne, 1970; McCarthy and Farquhar, 1972 ). The precise role of the repeated DNA is not understood. However, it has been hypothesised that it may have a regulatory function (Britten and Davidson, 1969, 1971; . In higher organisms, 33 to 66 per cent. of the total DNA is reported to be repeated (Britten and Kohne, 1969) . DNA of higher plants investigated so far, seems to have a higher proportion of repeated DNA in comparison to DNA of animals (Bendich and McCarthy, 1 970b) under similar reassociation conditions. It is also hypothesised that repeated DNA probably originates by sudden, disproportionate replication of particu-
REAss0cIATI0N studies of dissociated DNAs from a number of eukaryotic organisms have shown that a fraction of DNA reassociates very rapidly (Britten and Kohne, 1969; Kohne, 1970; . It has been established from the work of the Carnegie group (Carnegie Institution Year Books: 1964 ) that reassociation of DNA essentially follows a bimolecular reaction, and the rate of reassociation provides a measure of the concentration of complementary sequences. Thus, the fast reassociating fraction represents those nucleotide sequences which are present in multiple copies which may not necessarily be exact, while the slow reassociating fraction comprises the nucleotide sequences which are not multiplied or multiplied to a low degree. The former has been referred to as repeated (or redundant, reiterated, repetitious) DNA and the latter as non-repeated (or non-repetitious, unique) DNA. However, repeated and non-repeated are operational definitions, always to be considered in terms of the criteria used for reassociation, especially size of DNA fragments, incubation temperature and salt concentration (Kohne, 1970; McCarthy and Farquhar, 1972 ). The precise role of the repeated DNA is not understood. However, it has been hypothesised that it may have a regulatory function (Britten and Davidson, 1969, 1971; . In higher organisms, 33 to 66 per cent, of the total DNA is reported to be repeated (Britten and Kohne, 1969) . DNA of higher plants investigated so far, seems to have a higher proportion of repeated DNA in comparison to DNA of animals (Bendich and McCarthy, 1 970b) under similar reassociation conditions. It is also hypothesised that repeated DNA probably originates by sudden, disproportionate replication of particu-lar nucleotide sequences (Britten and Kohne, 1969; which is described as saltatory replication.
Polyploidy has played an important role in the evolution of plants, especially so in the family Graminae . The sub-tribe Triticinae which includes species of wheat (Triticum L.) and its related species is one of the most intensively investigated group of plants from the evolutionary standpoint. Phylogenetic relationships between species have been established using geographical, morphological, cytogenetic and biochemical criteria.
All the diploid species of Triticinae are believed to have evolved from a common unknown progenitor. Hybridisation between diploid wheat (Triticum monococcum L.) and another related diploid species followed by the doubling of chromosome number gave rise to 4x wheat. Aegilops speltoides Tausch or a species closely related to it was inferred to be the B genome donor to 4x and 6x wheats on geographical, morphological (Sarkar and Stebbins, 1956 ) and cytological evidences. However, in view of recent evidence, it seems doubtful if Aegilops speltoides as such contributed the B genome (Sears, 1968; Mitra and Bhatia, 1971; Kimber and Athwal, 1972) . Hybridisation between a 4 form of wheat and Ae. squarrosa L. and subsequent amphiploidisation accounted for the origin of 6x wheat (Kihara, 1944; . Poly ploidisation during the evolution of wheat has been accompanied by an increase in the total DNA content per cell .
In this group, DNA reassociation rate studies have been made for 6x wheat and rye DNAs (Bendich and McCarthy, l970a) . Heterologous reassociation of barley, oat, rye and 6x wheat DNA (Bendich and McCarthy, l970a) has been investigated using the DNA bound to the nitrocellulose filters. This technique as well as the agar method used by measured reassociation predominantly of the repeated DNA fraction, as they involved low concentration of nucleic acid and short incubation time. In the present experiments, DNA reassociation in solutions, followed by separation of double-stranded and single-stranded DNAs by hydroxyapatite (HA) thermal chromatography was used. This technique provides information on the reassociation of repeated as well as non-repeated nucleotide sequences. Bendich and McCarthy (l970b) used the same technique to estimate reassociation of total 2x wheat DNA with 4x, 6x wheat and Ae. squarrosa DNAs. Experiments were initiated in the present study to find out the extent of (1) repeated DNA in diploid and polyploid wheat species and (2) divergence of repeated and non-repeated DNAs in this group. The following aspects are reported in this communication:
(a) Reassociation rates of homologous DNA of 2x, 4x and 6x wheat. 
MATERIALS AND METHODS
A list of species examined in the present investigation is given in table 1.
Labelled compounds (3H-thymidine, 'dC-thymine and H3s2P04) were 252 R. MITRA AND C. R. BHATIA lar nucleotide sequences (Britten and Kohne, 1969; which is described as saltatory replication.
All the diploid species of Triticinae are believed to have evolved from a common unknown progenitor. Hybridisation between diploid wheat (Triticum monococcum L.) and another related diploid species followed by the doubling of chromosome number gave rise to 4x wheat. Aegilops speltoides Tausch or a species closely related to it was inferred to be the B genome donor to 4x and 6x wheats on geographical, morphological (Sarkar and Stebbins, 1956 ) and cytological evidences. However, in view of recent evidence, it seems doubtful if Aegilops speltoides as such contributed the B genome (Sears, 1968; Mitra and Bhatia, 1971; Kimber and Athwal, 1972) . Hybridisation between a 4 form of wheat and Ae. squarrosa L. and subsequent amphiploidisation accounted for the origin of 6x wheat (Kihara, 1944; . Poly.. ploidisation during the evolution of wheat has been accompanied by an increase in the total DNA content per cell .
In this group, DNA reassociation rate studies have been made for 6x wheat and rye DNAs (Bendich and McCarthy, 1 970a) . Heterologous reassociation of barley, oat, rye and 6x wheat DNA ) has been investigated using the DNA bound to the nitrocellulose filters. This technique as well as the agar method used by measured reassociation predominantly of the repeated DNA fraction, as they involved low concentration of nucleic acid and short incubation time. In the present experiments, DNA reassociation in solutions, followed by separation of double-stranded and single-stranded DNAs by hydroxyapatite (HA) thermal chromatography was used. This technique provides information on the reassociation of repeated as well as non-repeated nucleotide sequences. Bendich and McCarthy (1 970b) used the same technique to estimate reassociation of total 2x wheat DNA with 4x, 6x wheat and Ae. squarrosa DNAs. Experiments were initiated in the present study to find out the extent of (1) repeated DNA in diploid and polyploid wheat species and (2) divergence of repeated and non-repeated DNAs in this group. The following aspects are reported in this communication:
A list of species examined in the present investigation is given in Seeds treated with a mercury fungicide (Ceresan, Bayer India) for 5 minutes were washed in sterilised water and germinated in sterilised petri dishes lined with Whatrnan No. 1 filter paper. After 72 hours the germinating seeds were either given 0'l M phosphate buffer pH 7, 3H-thymidine (50 .&c./ml.; specific activity (5300-6000 mc./m.mole), thymine-2-'4C (50 .&c./ml.; Sp. activity 5 mc./m.mole) or H332P04 (50 .&c./m1.) in phosphate bufferpH 7 at the rate of 02-l0 .&c./seedling and allowed to grow for another 5 days. Labelled and unlabelled DNA were extracted from 8-dayold shoots following the method described by with small modifications. Precipitation with isopropanol and 2-ethoxyethanol was used besides RNAse treatment to remove, respectively, RNA and polysaccharides from the isolated DNA. Purified DNA was dissolved in Ol2 M sodium phosphate buffer (PB), pH 6.8 and passed through 465 cm.3 of packed Seph arose 4B (Pharmacia, Uppsala, Sweden), equilibrated with 012 M PB. DNA concentration was determined by diphenylamine as well as by measuring absorbance (A) at 260 nm. on a Shimadzu spectrophotometer. For convenience, 002 A = 1 .&g./ml. of native DNA and 0022 A = 1 .&g. /ml. of denatured DNA were used for all estimations. 3p labelled E. coil DNA was isolated by the method of .
(ii) Shearing of DNA DNA solution (4-10 ml.) in O•12 M PB was chilled and sonicated with an MSE sonicator using inch probe for 1.5 minutes at full intensity. This did not cause any increase in the absorbance of the DNA solution. Molecular weight of the sonicated DNA was determined in sucrose gradients in a Beckman L2/65 preparative ultra-centrifuge using the method described by Van der Schans et ai. (1969) ; the average molecular weight of the sonicated double stranded DNA was estimated as 27 x l0 daltons corresponding to 450 nucleotide pairs. Sonicated labelled DNA yielded about 1-3 per cent, of the total radioactivity in the trichloroacetic acid (TCA) soluble fraction. Therefore the DNA was purified by HA chromatography at 60° C. using 0.12 M PB. Seeds treated with a mercury fungicide (Ceresan, Bayer India) for 5 minutes were washed in sterilised water and germinated in sterilised petri dishes lined with Whatman No. 1 filter paper. After 72 hours the germinating seeds were either given 01 M phosphate buffer pH 7, 3H-thymidine (50 c./ml.; specific activity (5300-6000 mc./m.mole), thymine-2-'4C (50 c.fml.; Sp. activity 5 mc.fm.mole) or H332P04 (50 .tc./m1.) in phosphate buffer pH 7 at the rate of 0'2-1.0 jtc./seedling and allowed to grow for another 5 days. Labelled and unlabelled DNA were extracted from 8-dayold shoots following the method described by with small modifications. Precipitation with isopropanol and 2-ethoxyethanol was used besides RNAse treatment to remove, respectively, RNA and polysaccharides from the isolated DNA. Purified DNA was dissolved in O12 M sodium phosphate buffer (PB), pH 6.8 and passed through 465 cm.3 of packed Sepharose 4B (Pharmacia, Uppsala, Sweden), equilibrated with 012 M PB. DNA concentration was determined by diphenylamine as well as by measuring absorbance (A) at 260 nm. on a Shimadzu spectrophotometer. For convenience, 0'02 A = 1 xg./ml. of native DNA and 0022 A = 1 g./ml. of denatured DNA were used for all estimations. 32p labelled E. coli DNA was isolated by the method of .
(ii) Shearing of DNA DNA solution (4-10 ml.) in O'l2 M PB was chilled and sonicated with an MSE sonicator using inch probe for 1.5 minutes at full intensity. This did not cause any increase in the absorbance of the DNA solution. Molecular weight of the sonicated DNA was determined in sucrose gradients in a Beckman L2/65 preparative ultra-centrifuge using the method described by ; the average molecular weight of the sonicated double stranded DNA was estimated as 27 x l0 daltons corresponding to 450 nucleotide pairs.
Sonicated labelled DNA yielded about 1-3 per cent, of the total radioactivity in the trichioroacetic acid (TCA) soluble fraction. Therefore the DNA was purified by HA chromatography at 60° C. using 0l2 M PB.
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R. MITRA AND C. R. BHATIA Double stranded DNA was eluted with 05 M PB at 600 C and dialysed against distilled water and then lyophilised. DNA was dissolved in PB of appropriate molarity for further studies.
(iii) Dissociation of sheared DXA DNA was dissociated by heating the solution in 012 M PB at 100° C for 5-7 minutes. About 28-33 per cent. hyperchromicity was observed in the dissociated DNA solution and no radioactivity was detected in the TCA soluble fraction when labelled DNA was heated in a similar way.
(iv) DIVA reassociation Dissociated DNA in 012 M PB or 0.36 M PB was incubated for reassociation in screw capped glass tubes at 60° C in order to achieve desired C0t values (C0t = number of moles of nucleotides/l. x time in seconds). After the desired period of incubation, samples were either directly fractionated on HA or were chilled immediately and stored at -100 C. Frozen samples were brought to 60° C before fractionation. Sample incubated in 036 M PB were diluted three times with water before fractionation.
(v) Hjdroxjapatite fractionation HA was prepared following the method described by Miyazawa and Thomas (1965) . Commercial HA (Calbiochem) whenever used was regenerated by three boiling steps as described by the above authors. The jacketed chromatographic column used was similar to the one described by Miyazawa and Thomas (1965) except that the entire column was made of glass. Temperature of the column was maintained by circulating hot water from a Universal Thermostat Type U-3 (Veb Prufgeratewerk, Medingen, Germany). Column temperature was determined by a Temperature indicator (TI-1) fabricated by the Electronics Division of this Research Centre.
Fractionation procedures used were adopted from Britten and Kohne (1968) . One hundred micrograms of DNA per cm3 of packed HA were used in separating reassociated and dissociated DNAs. DNA samples in 0l2 MPB at 60° C were loaded on the HA column pre-equilibrated to 60° C and 012 M PB. Three to five washes of 0l2 M PB (double the size of HA bed volume) were used to elute single-stranded DNA. Similar washes with 05 M PB at 98° C were used to elute reassociated DNA.
Whenever required A260 flm. was read for both 60° and 98° C. washings.
DNA was precipitated with cold 5 per cent TCA (2°-4° C) after adding unlabelled calf thymus DNA to a final concentration of 100 g./ml. The precipitate was collected on membrane filters (Sartorius) which were dried and then counted in a Beckman Liquid Scintillation System LS 100 using 10 ml. toluene containing PPO (0.4 per cent) and POPOP (0.05 per cent).
(vi) Homologous DIVA reassociation rate Sheared, labelled DNA was mixed with an excess of unlabelled homologous DNA and the mixture in 0.12 M PB was dissociated at 100° C and then incubated at 60° C for the required time to achieve appropriate C0t values. In order to achieve high C0t values in short incubation periods, and for the non-repeated fraction, DNA was incubated in 036 MPB which results in an increase of reaction rate by a factor of 4.47 (Britten, 1969) . Reassociated DNA was fractionated as already described.
(iii) Dissociation of sheared DNA DNA was dissociated by heating the solution in 0l2 M PB at 1000 C for 5-7 minutes. About 28-33 per cent. hyperchromicity was observed in the dissociated DNA solution and no radioactivity was detected in the TCA soluble fraction when labelled DNA was heated in a similar way.
(iv) DNA reassociation Dissociated DNA in 0•12 M PB or 0.36 M PB was incubated for reassociation in screw capped glass tubes at 60° C in order to achieve desired C0t values (C0t = number of moles of nucleotides/l. x time in seconds). After the desired period of incubation, samples were either directly fractionated on HA or were chilled immediately and stored at -100 C. Frozen samples were brought to 60° C before fractionation. Sample incubated in 036 M PB were diluted three times with water before fractionation.
(v) Hydroxjapatite fractionation HA was prepared following the method described by Miyazawa and Thomas (1965) . Commercial HA (Calbiochem) whenever used was regenerated by three boiling steps as described by the above authors. The jacketed chromatographic column used was similar to the one described by Miyazawa and Thomas (1965) except that the entire column was made of glass. Temperature of the column was maintained by circulating hot water from a Universal Thermostat Type U-3 (Veb Prufgeratewerk, Medingen, Germany). Column temperature was determined by a Temperature indicator (TI-1) fabricated by the Electronics Division of this Research Centre.
Fractionation procedures used were adopted from Britten and Kohne (1968) . One hundred micrograms of DNA per cm3 of packed HA were used in separating reassociated and dissociated DNAs. DNA samples in 012 M PB at 60° C were loaded on the HA column pre-equilibrated to 60° C and 012 M PB. Three to five washes of 012 M PB (double the size of HA bed volume) were used to elute single-stranded DNA. Similar washes with 05 M PB at 98° C were used to elute reassociated DNA.
DNA was precipitated with cold 5 per cent TCA (2°-4° C) after adding unlabelled calf thymus DNA to a final concentration of 100 g./m1. The precipitate was collected on membrane filters (Sartorius) which were dried and then counted in a Beckman Liquid Scintillation System LS 100 using 10 ml. toluene containing PPO (0.4 per cent) and POPOP (0.05 per cent).
(vi) Homologous DNA reassociation rate Sheared, labelled DNA was mixed with an excess of unlabelled homologous DNA and the mixture in 012 M PB was dissociated at 1000 C and then incubated at 60° C for the required time to achieve appropriate C0t values. In order to achieve high C0t values in short incubation periods, and for the non-repeated fraction, DNA was incubated in 036 M PB which results in an increase of reaction rate by a factor of 447 (Britten, 1969) . Reassodated DNA was fractionated as already described.
(vii) Heterologous DXA reassociation Sheared, labelled DNA from one species was mixed with the nonlabelled DNA of the other species in the ratio of I 100 in 0l2M or 036 M PB, dissociated at 1000 C, brought to 60° C immediately and incubated at 60° C for the desired period. The final volume was kept 1-2 ml. Reassociated DNA was separated by HA chromatography.
(viii) Percentage reassociation
Reassociation of DNA was calculated as follows:
Percentage reassociation =
x 100 A+B A = radioactivity or the amount of DNA as measured by absorbance eluted by O5 M PB at 98° C. B = radioactivity or the amount of DNA eluted by 0l2 M PB at 60° C.
(ix) Separation of repeated and non-repeated DXA Reassociation data for the homologous DNA revealed that incubation at a C0t of 100 effected complete reassociation of repeated DNA from diploid, tetraploid and hexaploid wheat. Therefore, in order to separate the two DNA fractions, labelled or unlabelled, sheared, dissociated DNA was incubated in 0.12 M PB to achieve C0t of 100. Reassociated DNA was separated by HA chromatography. The dissociated single-stranded DNA which did not bind to the HA column was again incubated at 60° C. and C0t 100 and passed through the HA column. The fraction which did not bind to the HA column was considered as the non-repeated fraction. Reassociated DNA bound to the column was eluted with 05 M PB at 60° C. Both repeated and non-repeated fractions were dialysed against water and lyophilised.
(x) Thermal dissociation of repeated and non-repeated DXA Repeated and non-repeated fractions in appropriate PB were incubated at 60° C for the required time and then loaded on the HA column. The DNA which did not reassociate was washed off with 0l2 M PB. Column temperature was then raised gradually with increments of 3° C, and two washings of 0.12 PB were collected 5 minutes after temperature equilibration. Absorbance or TCA precipitable radioactivity was determined for each fraction. The experiments involving the homologous DNA reassociation rate were replicated twice while the values for heterologous reassociation are the means of two to three independent experiments, depending on the availability of the labelled DNA preparation of suitable specific activity.
RESULTS AND DISCUSSION
(i) Reassociation kinetics of homologous DXA Reassociation rate curves for 2x, 4x, 6x wheat and E. coil DNAs are given in fig. 1 . E. coli DNA was used as a standard genome of known sequence diversity (Britten and Kohne, 1969 Sheared, labelled DNA from one species was mixed with the nonlabelled DNA of the other species in the ratio of 1: 100 in 012 M or 036 M PB, dissociated at 1000 C, brought to 60° C immediately and incubated at 60° C for the desired period. The final volume was kept 1-2 ml. Reassodated DNA was separated by HA chromatography. Reassociation data for the homologous DNA revealed that incubation at a C0t of 100 effected complete reassociation of repeated DNA from diploid, tetraploid and hexaploid wheat. Therefore, in order to separate the two DNA fractions, labelled or unlabelled, sheared, dissociated DNA was incubated in 0.12 & PB to achieve C0t of 100. Reassociated DNA was separated by HA chromatography. The dissociated single-stranded DNA which did not bind to the HA column was again incubated at 60° C. and C0t 100 and passed through the HA column. The fraction which did not bind to the HA column was considered as the non-repeated fraction. Reassociated DNA bound to the column was eluted with 05 M PB at 60° C. Both repeated and non-repeated fractions were dialysed against water and lyophilised.
(x) Thermal dissociation of repeated and non-repeated DNA Repeated and non-repeated fractions in appropriate PB were incubated at 60° C for the required time and then loaded on the HA column. The DNA which did not reassociate was washed off with 012 M PB. Column temperature was then raised gradually with increments of 3° C, and two washings of 0l2 were collected 5 minutes after temperature equilibration. Absorbance or TCA precipitable radioactivity was determined for each fraction.
The experiments involving the homologous DNA reassociation rate were replicated twice while the values for heterologous reassociation are the means of two to three independent experiments, depending on the availability of the labelled DNA preparation of suitable specific activity.
(i) Reassociation kinetics of homologous DNA Reassociation rate curves for 2x, 4x, 6x wheat and E. coli DNAs are given in fig. 1 . E. coli DNA was used as a standard genome of known sequence diversity (Britten and Kohne, 1969) . The E. coli reassociation rate curve is composed of one component, the central two-thirds of which spans less than 30 C0t units. This is characteristic of genome consisting predominantly of non-repeated nucleotide sequences. C01 for 50 per cent reassociation of E. coli DNA under our experimental conditions was 43. In contrast, all diploid and polyploid wheat reassociation curves were much broader and spread over large C0t units. The wheat curves show three distinct regions: (A) Rapidly Fio. I .-Reassociation rate curves for E. coli and wheat DNA's. Sheared UPlabeUed wheat and E. colj DNAs were used. DNA concentrations used to achieve C0t values between 00016-00l, 001-032, 05-150, 150-I4AJO and I4AJO-17,500 for monococcum were I g./ml. (1,824,800 c.p.m.) to achieve C0t 0.009-0.1 and 0 1-100, respectively. DNA in 0l2 M PB was dissociated at 100° C. and quickly transferred to 60° C. for desired period of incubation. An aliquot of I ml. for the DNA concentrations 10-100 g./ml. and 02 ml. for 1-5 mg./ml. was taken out from the reaction mixture and frozen immediately. Percentage reassociation was calculated after HA fractionation. (1,824,800 c.p.m.) to achieve C0t 0009-01 and 0 1-100, respectively. DNA in 0l2 M PB was dissociated at 1000 C. and quickly transferred to 60° C. for desired period of incubation. An aliquot of 1 ml. for the DNA concentrations 10-100 g./ml. and 02 ml. for 1-5 mg./mI. was taken out from the reaction mixture and frozen immediately. Percentage reassociation was calculated after HA fractionation. reassociating region also indicate that, probably, new families of repeated sequences resulting from saltatory replication have not appeared extensively since the evolution of polyploid species. The slow reassociating fraction that needs high C0ts for duplex formation comprises of nucleotide sequences that occur probably once in the genome (Britten and Kohne, 1968; Laird, 1971) . Since the time required for the reassociation of dissociated strands ofDNA depends, primarily, on the number of different sequences and their relative concentrations (number of copies/ genome) (Britten and Kohne, 1968) , the displacement of the wheat slow reassociating fraction towards the right, in comparison to the E. coli curve, implies a much larger genome size (amount of DNA per typical unique sequence) for wheat.
(ii) Thermal elution of reassociated homologous repeated and non-repeated DXA Thermal elution curves for reassociated repeated and non-repeated DNAs from 2x, 4x and 6x wheat, separated after reassociation at C0t 100 on the z a- reassociating region also indicate that, probably, new families of repeated sequences resulting from saltatory replication have not appeared extensively since the evolution of polyploid species. The slow reassociating fraction that needs high C0ts for duplex formation comprises of nucleotide sequences that occur probably once in the genome (Britten and Kohne, 1968; Laird, 1971) . Since the time required for the reassociation of dissociated strands ofDNA depends, primarily, on the number of different sequences and their relative concentrations (number of copies/ genome) (Britten and Kohne, 1968) , the displacement of the wheat slow reassociating fraction towards the right, in comparison to the E. coli curve, implies a much larger genome size (amount of DNA per typical unique sequence) for wheat.
(ii) Thermal elution of reassociated homologous repeated and non-repeated DXA Thermal elution curves for reassociated repeated and non-repeated DNAs from 2x, 4x and 6x wheat, separated after reassociation at C0t 100 on the z a- DNA was mixed with respective homologous un-labelled non-repeated DNA in 1 ml. of 036 M PB at a final concentration of 3 g.fm1. and dissociated at 100° and reassociated at 60° C at C0t 14,100. An aliquot of 0 1 ml. was diluted to 0.3 ml. with water and was used for HA thermal chromatography (temperature range 60°-l00° C).
2x, 4x and 6x wheat non-repeated DNAs were 837, 83.4 and 844 respectively under these experimental conditions. These values were slightly lower than the melting temperature for native DNAs. This indicates high precision in base pair matching of the duplexes formed.
The reassociation rate curves, and the thermal elution patterns of reassociated DNAs reveal that diploid and polyploid wheat DNAs can be broadly separated as repeated and non-repeated fractions at around C0t 100 under the experimental conditions used. The relative percentage of the repeated DNA at this C0t increases with ploidy as mentioned earlier. This is to be expected in polyploids originating from hybridisation of diploid species having a common ancestor. Working with the 2c nuclei of diploids and polyploids among the cultivated and related species of wheat, observed that, "the tetraploid and hexaploid DNA values are approximately twice and three times larger, respectively, than those of Reassociated non-repeated DNA of 2x, 4x and 6x wheat eluted mainly between 800 and 900 C. with the peak at 87° C. (fig. 3) . The 4x wheat non-repeated DNA shows a slightly broader melting region. Tm for z U Fio. 3.-Elution profile of non-repeated DNA from HA column. Non-repeated DNA was prepared as described in Materials and methods. Each of the "C-labelled non-repeated monococcum (c.p.m. 7020), 3H-labelled turgidurn (c.p.m. 6820) and aestivum (c.p.m. 5830) DNA was mixed with respective homologous un-labelled non-repeated DNA in 1 ml. of 036 M PB at a final concentration of 3 g.fml. and dissociated at 100° and reassociated at 600 C at C0t 14,100. An aliquot of 0 1 ml. was diluted to 0.3 ml. with water and was used for HA thermal chromatography (temperature range 60°-100° C).
2x, 4x and 6x wheat non-repeated DNAs were 837, 83.4 and 84.4
respectively under these experimental conditions. These values were slightly lower than the melting temperature for native DNAs. This indicates high precision in base pair matching of the duplexes formed.
The reassociation rate curves, and the thermal elution patterns of reassociated DNAs reveal that diploid and polyploid wheat DNAs can be broadly separated as repeated and non-repeated fractions at around C0t 100 under the experimental conditions used. The relative percentage of the repeated DNA at this C0t increases with ploidy as mentioned earlier. This is to be expected in polyploids originating from hybridisation of diploid species having a common ancestor. Working with the 2c nuclei of diploids and polyploids among the cultivated and related species of wheat, observed that, "the tetraploid and hexaploid DNA values are approximately twice and three times larger, respectively, than those of the diploids ", and they concluded that, " there is no evidence, either for an appreciable diminution, or for an increase of DNA per chromosome associated with the polyploidy ". However, it is evident from the reassociation curve, that the C0t required for 50 per cent. reassociation (COt ) of the slow fraction in 2x wheat is less than that required for 4x and 6x wheat. As the C0t is directly proportional to the amount of non-repeated DNA (Laird, 1971) , an increase in C0t implies a larger genome size (amount of non-repeated DNA). This increase in the amount of non-repeated DNA in the polyploid species probably indicates that the repeated sequences might have undergone considerable divergence during the course of evolution, and thus increasing the net amount of non-repeated sequences, though the total DNA content remains unchanged. in 2x wheat is less than that required for 4x and 6x wheat. As the C0t is directly proportional to the amount of non-repeated DNA (Laird, 1971) , an increase in C0t implies a larger genome size (amount of non-repeated DNA). This increase in the amount of non-repeated DNA in the polyploid species probably indicates that the repeated sequences might have undergone considerable divergence during the course of evolution, and thus increasing the net amount of non-repeated sequences, though the total DNA content remains unchanged. showed respectively, 50, 28 and 59 per cent relative reassociation with 6x wheat DNA. Similarly, T. monococcum and Ae. speltoides showed, respectively, 61 and 52 per cent relative reassociation with 4x wheat DNA. Bendich and McCarthy (1970b) reported 84, 83 and 80 per cent, relative reassociation of monococcum DNA with 6x, 4x wheat and Ae. squarrosa DNA respectively when incubated at C0t of 12,000. At this high C0t both repeated and nonrepeated DNA fractions got reassociated. Filter bound rye DNA showed Sheared, "C-labelled DNA of monococcwn (325 pg., 503 c.p.m./g. in 325 ml. of 0 12 M PB) and 3H-labclled aestivum DNA (425 pg., c.p.m. 309/pg. in 425 ml. 0l2 M PB) were dissociated separately at 100° C and incubated for 100 hours at 60° C (C0 = 100). DNA which did not reassociate on incubation at C0t ioo, was separated by HA chromatography and was considered as non-repeated. Similarly, unlabelled DNA of monococcum, turgidum and aestioum was isolated after incubation at C0t 100. 15 g. (c.p.m. 2250) of labclled monococcum non-repeated DNA was mixed l5 mg. unlabelled non-repeated DNAs of monococcwn, turgidum, or aestivum separately at a final volume of 1 ml. in 012 M PB, dissociated and incubated at 60° C for 168 hours to achieve c0t 2486. Similarly, aestivum non-repeated, labelled DNA (15 pg., c.p.m. 1950) was mixed with unlabelled DNA of aestivum, turgidum and monococcum (1 2 mg. each) at a final volume of 1 ml. 0'36 M PB, dissociated and incubated at 60° C for 220 hours to achieve c0t equivalent of 11,477 (relative to 0.12 M PB). Scif reassociation of labelled input DNA was 50 and 6 1 per cent respectively for monococcutn and aestivum. Reassociation values given in the table have been corrected for scifreassociation. 100 per cent relative binding to 6x wheat DNA . In reciprocal experiments when 6x wheat DNA was filter bound, relative reassociation was 60 per cent. Earlier, had reported 75 per cent. relative reassociation between wheat, and rye DNA bound to agar. As described earlier, the DNA-DNA hybridisation method using filter or agar and short incubation time involves, predominantly, the reassociation of repeated DNA fractions.
These results indicate that the repeated DNA of diploid species have diverged from each other, yet they have to be a considerable degree repeated sequences in common. Our data, as well as those of , show greater percentage relative reassociation between 6 x wheat and rye than between 6x wheat and 2x wheat. This seems difficult to accept, but it might be true! Sears (1968) has pointed out that genetically, rye chromosomes are" almost as closely related to their wheat homoelogues as the latter are to each other ". Rye chromosomes do not generally pair with wheat chromosomes even in the absence of the SB effect. Pairing 260 R. MITRA AND C. R. BHATIA considered as 100 in calculating percentage relative reassociation. Three diploid species considered, i.e. T. monococcum, Ae. speltoides and Secale cereale, showed respectively, 50, 28 and 59 per cent relative reassociation with 6x wheat DNA. Similarly, T. monococcum and Ac. speltoides showed, respectively, 61 and 52 per cent relative reassociation with 4x wheat DNA. Bendich and Mccarthy (1970b) reported 84, 83 and 80 per cent, relative reassociation of monococcum DNA with 6x, 4x wheat and Ac. squarrosa DNA respectively when incubated at C0t of 12,000. At this high C0t both repeated and nonrepeated DNA fractions got reassociated. Filter bound rye DNA showed Sheared, "C-labelled DNA of monococcuin (325 sg., 503 c.p.m./cg. in 3'25 ml. of 012 M PB) and 5H-labclled aestivum DNA (425 sg., c.p.m. 309/cg. in 4'25 ml. Ol2 M PB) were dissociated separately at 100° C and incubated for 100 hours at 60° C (C0t = 100). DNA which did not reassociate on incubation at cot ioo, was separated by HA chromatography and was considered as non-repeated. Similarly, unlabelled DNA of monococcutn, turgidum and aestioum was isolated after incubation at C0t 100. 15 sg. (c.p.m. 2250) of labelled monococcum non-repeated DNA was mixed l5 mg. unlabelled non-repeated DNAs of monococcuin, turgidum, or aestivum separately at a final volume of 1 ml. in 012 M PB, dissociated and incubated at 60° C for 168 hours to achieve C,t 2486. Similarly, aestioum non-repeated, labelled DNA (15 cg., c.p.m. 1950) was mixed with unlabelled DNA of aestivum, turgidum and monococcum (1 2 mg. each) at a final volume of 1 ml. 0'36 M PB, dissociated and incubated at 60° C for 220 hours to achieve C,: equivalent of 11,477 (relative to 012 M PB). Self reassociation of labelled input DNA was 5'O and 6 1 per cent respectively for monococcum and aestivum. Reassociation values given in the table have been corrected for selfreassociation. 100 per cent relative binding to 6x wheat DNA . In reciprocal experiments when 6x wheat DNA was filter bound, relative reassociation was 60 per cent. Earlier, had reported 75 per cent. relative reassociation between wheat, and rye DNA bound to agar. As described earlier, the DNA-DNA hybridisation method using filter or agar and short incubation time involves, predominantly, the reassociation of repeated DNA fractions.
These results indicate that the repeated DNA of diploid species have diverged from each other, yet they have to be a considerable degree repeated sequences in common. Our data, as well as those of Bendich and Mccarthy (l970a) , show greater percentage relative reassociation between 6 x wheat and rye than between 6x wheat and 2x wheat. This seems difficult to accept, but it might be true! Sears (1968) has pointed out that genetically, rye chromosomes are" almost as closely related to their wheat homoelogues as the latter are to each other ". Rye chromosomes do not generally pair with wheat chromosomes even in the absence of the SB effect. Pairing behaviour of chromosomes can be altered by chromosomal inversions and translocations. It is also established that pairing of homoelogous as well as homologous chromosomes is controlled by specific genes and hence, the pairing behaviour of chromosomes may not truly represent homologies at the DNA level. (iv) Heterologous reassociation of non-repeated DXA Because of the non-availability of seeds in large quantities from other diploid species, DNA reassociation studies with the non-repeated fraction were limited only to Triticum species. Results are given in table 3. At C0t of 2486 homologous reassociation of monococcum DNA was 94 per cent. Heterologous reassociation with 4x and 6x wheat DNAs was 91 and 90 per cent, respectively. Similarly, homologous reassociation of 6x wheat DNA at C0t equivalent of 11,477 was 94 per cent, and heterologous reassociation with 2x and 4x wheat was 9O5 and 895 per cent, respectively. The results show that the non-repeated fractions have greater homologies. In other words they have not diverged to the same extent as the repeated DNA and appear to be more conservative in composition. More precise estimates of the divergence of non-repeated DNAs can be obtained by measuring the Tm of heteroduplexes. This work will be reported later. If it is true that the non-repeated DNA codes for proteins and enzymes while the repeated sequences are involved with gene regulation (Britten and Davidson, 1969) , the present results in Triticinae would support the hypothesis that differences between species are largely due to differences in gene regulation.
Because of the non-availability of seeds in large quantities from other diploid species, DNA reassociation studies with the non-repeated fraction were limited only to Triticum species. Results are given in table 3. At C0t of 2486 homologous reassociation of monococcum DNA was 94 per cent. Heterologous reassociation with 4x and 6x wheat DNAs was 91 and 90 per cent, respectively. Similarly, homologous reassociation of 6x wheat DNA at C0t equivalent of 11,477 was 94 per cent, and heterologous reassociation with 2x and 4x wheat was 905 and 895 per cent, respectively. The results show that the non-repeated fractions have greater homologies. In other words they have not diverged to the same extent as the repeated DNA and appear to be more conservative in composition. More precise estimates of the divergence of non-repeated DNAs can be obtained by measuring the Tm of heteroduplexes. This work will be reported later. If it is true that the non-repeated DNA codes for proteins and enzymes while the repeated sequences are involved with gene regulation (Britten and Davidson, 1969) , the present results in Triticinae would support the hypothesis that differences between species are largely due to differences in gene regulation.
